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(54) lmplantat)le me<fical device with enhariced bipoompatilMlHy and btostability 

(57) An inplanlabie medtoal devkie compri^ a 
drug-kiaded potymer overfahJ with a fatvic Itiat pro- 
motes tissue ingrowth is useful in a wide variety of lis* 
sue engineering appScafkins. The invention incfcjdes* 
lor exainple; prosthetic heart valves. annUoplasty rings, 
and grafts, having enhanced biooompatftMfity and 
triostatMlity. MetfKxfe of maldng and using the 11^^ 
ble medcal devices ol to irMrition are also mduded. 
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DescriptkNi 

10001, Vis-^r*^i»«^^'->^-^S^ 
plasty rkiss. and gnrfls. >.*h enl»«e^^ 

Heart val»edfeeaseab«to^^ 

stenotialnoonpetertvaVessi^ 



mart and leelorewlveconpetenoe. ^ ^ 

ooclud«r.andase«-ngrinflJBk*fo^^ 

abo chosen lor as chemkarf nertiess and re^^ 
» Xesort»*temalerfalspem«nen«yaJte«t^^ 




ll«J^Fuldelalsol1l»e«»<6 01 ea* phase are w^kk^^ 
awLriab- in tavlantalionBi^ 

phase. ,,»«q«alaeo.e««lsh*^^ 



1herefemelormafionolafl«u6SheaMJ^»^^ 

01 issue tiealng f« s««na nnfr in Ihe eas^t^pw^ 

resol«d.tl»res»«in9pannu5Continue6loar*'.»««h*e^^ 

i„B slenosis andto inoonpelenca In adiMon 10 eaus«9 steno«^ 

or poolirio is anofter result oloon^^ 

dependent, and relalBS to Iw* ao9n«sh«lh^^ 

h«^*, lor mecl«tal vaK« reciperts is ^ 

repiacemenl values, whether *«*«««**^ ^TT?^^ ho«»eMr. rafflOMlaf 

«»v*«s repute e«l8ns««<fs8ectoan«lgnfls»*»eq^ 

sua For e«nvlft stents ha«beondes^^ 
peulc aoents. su* as anti-inflannator, a»^^ 
^olpuiposes. Anliniaobialconv»«b»««lH^^ 

suslafeiedreUsetothesumwndhglissuetoenhancon^^ *^ 
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steroids iito or at Ihe toad tip dteclrode. to reduce source impedance and lovver peak 

However, to date aniHirflaiiiiiiatur y agerrts hats/e not been recogrnzed as useful lor improving tie bioconrpatibiity andtor 
biostability of bioniateriate used in nplantaUe 1^ 

lOOOq The polyester fabric typicaly used for. manufacturing sewing rings of cardte prosthetic valves^ as wel as 
5 annuloplasty rings and stent coverings, is thrombogenic and inHai wna lo r y in natura tt is trown io adivale compteinent 
and coagulation cascades, and has demonstrated a tiiglher prop 
prior to heaing and tissue vKX)rporatioa ft has been postiiated that the 
the main cu^ in the Ngh incidences of throntx>entx)i rel^ 

(T. OrszUaic et al.. 8th Annu. Meeting Eur. Assoc. Carciacthoracic Surg. 1994:98; P. Perier et aL. in E Bodner et aL. 
10 Eds.. Biok)gic and BioprostheiicValves»Vbrt(M6(ficdl Books. 1 

(OOlfq Ihere have been nunnerousattenvils to treat polyesler for the puqme of 

have k)ajsed on reducing throntoeactivity of polyester in the hopes that the heati^ 

therety preventing further contact with blood elements ExanylesincM 

ckjtting of the polyester fEMc. eel seeding, synthetic peptide attachn^ 
15 rnern.fft)rm coating a)ntainingbFGF and hefKtfin. and polyuretf^ 

(0011] IdeaRy. medcal implants shouM heal in wefi. without excessive tissue overgrowth, and allow kir the estsi>- 

fishment of a smooth neointimal transition betvMeen host and prosthesis. Reduction off the inflammalory response to 

porous nnterials such as polyester fabrics woukJ be an inportam step toward 

without the tong tenn consequences of stenosis, regurgitation or catastro^ 
20 I0OI2I Many of the following Bsts of patents and nonpatent documents dtectose intonnafion related to medfeal 

devtoes oontsMng anNnfiammatory agents, partioJarly steroids. Others in the lolowing lists relate inflammatery 

responses to polyester fabrics such as Dacron~: still otheis relate generally to bk)materiirfs and humai response 

mecfiarMsm& 
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100131 presentiment is <irectedat:aihancing the 
deMC8& lb do this. Ihe presem invento does not invoke 

devices, ralher It inalwes using antHnHanmalory agents as bioiogical response nwUtriois to oonkol tie hoOi 
response to the consUhjem mateiialsi 

I0014I ThetennOiioBlBfcte-isi^herei^wwthreiBrencetoai^^ 

nphnlalionhMnBtissifcMore^peciic^ 

IS ej^wsed AMino tie aoite and ehronks Iwst response (ee, Wb^^ 

in?)rowing ttie l)iostab»y ol a material does not involwe dangi^ 

down-regulaiing Bie ceRiiar response to tlie maleriaL llius* as used haeia liio^bii^ 
tissues on materials. 

lOOiq ^<erm%ioconv)atUe-isusedl)erainwilhreferenoetothede7eeofh^ 



7 



EP 1023 879 A2 



fS 



20 



25 



90 



ert««en«terialWoco«p^ 
irfb,„.„a8on;andto««l« 

IlKrtic heart «al«. an«Jop^ ni^t^rt^r^^ 
ye^iyienetoripMhalat^ ialric or FIFE (poly^^ 

[00171 T^eP'««»*«~!^r''Sl!!!Jt^^^ 

malkw and entx^Mlton. and 

has a beneHdal ellect on the chronK rt bnimalory 

(00181 '•nJlanta«eroe*alde«cesoii^^ 
,«K*«nicalvah«sandfcsuej^y.an^^ 
lcalleetteandca1heters.p«^^ 
rtW>i«<to-a«e«h^ 

orise one or more Of a potymeTi a mew^ a mew awy, a ixjo^ 

^Mcoteoenspongeoroe^orj^^^ 
lormolanurKlertayecslmcto«^«ert.to^ 
porionrtthedetocanbulneednOL^^ 
«< IK^ a space beli-een al or aportwn ^ 

where ttie fabric owertayer s acwier eo w p w uwy »^ rir^ncn k in to be undmr^o^ *^ im«nlion 

t«twl.hanan«-bn«,^2!:*i^^ 



tact wah an »i6Hrtbn«iaJwy agent in aowon or aii^^ 
«A« fcafaoei* aoenlt incluinQ artHnl^ 

Aa=o«ln9looneaspect.«p.esenlin«nlk«p««^ 
rutoamtfo twmpnKir agent 
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[0022] Aocorcfing to another aspect the present invenfionprov^^ 
mer insert containmg stnjls attached to tissue leaflets to 1^ 
ymer insert to fonn sewring ring, s»d sevM^ 
ftfflher comprising an releasaUe tfterapeulic agem in intimate 
5 (0023] Aocordmg to a thtfrfasp>ect the presem invention provides A mech^^ 
ringed valve housng containing a c&itrai metallic strut along whk^ 
encloses a metal irisert to form a sewing ring, the valve lifftfier com^^ 
contact with constituent material of the insert. 

[0024] Aooordfafig to a fourth aspect the present invention provi(Jes an 

10 

a pump conprtsing an interior space lor containmertt of a Gqud; 
a deivery catfieter for defivery of tfie Gc]uid to a patient; 1^ 
a polyester pouch surioundhig the pumpc 
said pump fudher Gbmprising a consfituent n^erial in intinr^ 
15 inflanvnatory agent capable of being released from tte 

[002q Aooonfngly, one or more otijects of the present invention are achieved by an implantafale medltcaf device 

having one or more of the following features: (a) a fabric overlayer through which a therapeutic agent can elute; (b) a 

fabric overtayer which serves as a means for securing the desnce to the patienTs body, and functions as a surface Itiat 
20 promotes tissue ingrowlh: (c) a body portion in intimate contact with a releasable therapeutic agent; (d) one or more 

therapeutic agents coated onto or cor?Y)Ounded into the tx)dy portion of the dey^ 

thai the tiierapeutic agefit($) are capable of eluting through tfto 

sulaled drug resen«ir cont^iitbig one or rnore therapeutic agents 

fabrfc overtayer: and (0 an antinr^lainmatDry agent such as 
25 l^fersoastornedialeanoverexuberamhealingreQporisetotheirnplanleddevica 

[0026] An Important aspect of the presem invention is that the body^infla^^ 

or ericasemem of the inpfantable device is oontrdled not by rm 

body portion of the device which is sunrounded. covered or erKased ty ttw fabric overtayer. ThuSw. desirable ptopeilies ^ 
of ttie fabric overtayer (for example; teporosityi flerabiily. texture, suturabifity, tensie strength, durabOtty. sterOzabli^ 
arid bkxsQrTpafibifly) are fiot ooiiprornisedL 

[0027] Signiicantty* inplantable medical devices of the inventiori can be used to modulate tissue encapsul^ion. 
pannusfprinalioa and polymer degradation when irnptented into a 
modulate t^sue encapsulation, pannus iornratioa or citogradafion of a medk^ 
implanfing the prostfietic heart valves Ox>th rnechanical vatves and tissue vah^ 
as vascular grafts, sewing rings» stents. medk;al leads and cattieters^ and pacemal^ 
[0028] The present invention also provides a method of mateng an iriplant^ 

incorporating a therapeutic agem into an annular insert corrvxising a constil^ 

agent is vi iritimate contact witii ttM oorKtltuerit nriaterial: 
40 er)dosingttie annular insert in a fabric sheatiLl=br example, an erit^^ 

neldng a medkxtf sewing ring for use in a prosthetic heart valve or annuto 

portion (La. an annular insert endosedty a ftsribric covering. A therapeu^ 

insert such that it can sifosequentty eMo from the insert and tiwough the fa^ 

riiig insert ooTYivises a nor^xsrous poiyrneric materi^^ 
45 ber and. optionaly. is rnaderadfopaque by the incorporation of barwisu^ 

fle9dble. and ttie radfopadly of tie insert atiows the presence of the devi^ 

implant surgery. The insert is cornpletely enclosed by fabric sheatii. for example a dotivfike rhaterial such as 
Oaoron** polyister. the she^ is made fay foidbig a doth sheet around t^ 
together. The oorrfoihation of ttie insert and sheath result in a ring tvMch is 
so exlerKAIe. 

[0029] Preferred entxidbnenlB wit nowtie described, by way of exan^ 
drawings. 

S6 Figure IfeasinpHiedsdiernaticvfew Of ilustrativeimp^ 

(a) a pacemaker h a polyesler pouch and (t9 mechanical and bioprost^ 
sewing ririgs: SVC. stf>erior vena cawa; fU. rigM atourn; TV. tri 
tride; ly* left ventricte;: PV. piiinonary vein; L< M 
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ngurea sho«sabiop«»«hefc heart vah^^ 

sha«a mechanical l«»l«-«(a)«^^^ 
Figure 4 is a plan viw ol an annutopbsly ring.; 

!^^««*^rLesoated kT^eto^ -ASO: polyelhefurelhane (AS) spedmens stored n tte daifc 

S^7lsa.,,ph*c^*.v«.hj2;«^^ 

ly,T,*wcytes conlammg polye*en»«hane (AS) ^ecme^ 
trtiB polyetherurelhane (AS) ^)ecimens pte 

SSfJ?ibarchartolhy*»pe««ideoo^ 
?^Oisal«.chansh«^^^^oj^^ 

10 mOcL Data were sunmanzed usng the NghesI (most s«nrq scow '^f^^TJ™ 
e«lai*edblostabiitysafi»jle6.0p6cal 
nSell IB a grapltol represerilalion 
3fSJi5iS-Sd2Lelhason.ln^ 

SjS'll^ti^ represer-allor. 01 vara **« 

S!l?^(1«BSJ«»d (S%DEXff»lfl loacirigs were used. Eli*onper«rtaQ« 

surface area vs. time. nx»»-(l%OEXrt^a«l -High- (5% DEXff'U)^^ 

J? «»nhic9l rervesentalion ol *i v*o ekilion oi dexamelhasone from dexamelhasoneKaaled leadi f* 
SSes Jiwtolal meorefcai d«am««bhe loa*, wasdeierr^ oercertaoea of 

Se168h««(a)aco,rparl6ono*fH,eMk«prolle^ 

OEX:(b)i5*DEX:(c)1»OEX«)MP. ^^w^oH-«fc«!ilOBtBaimlaaandcor*olralS. 
i^e 19 shows wNteWoodceBdensayasalumaforiolfme tor ratelreal^^ 

Fioiw 20 shows hernotoocyin aiid eosin slained histological 

wlSSsa..,J^SS:DE)Oa.anor^ 

Selhalwas incortoci wim tie siicorieinsert:2- outer surface of Ihel^^ 
SSx imaoe 01 stolhad cor** a««. 

pha8«aiwfidmen)ers:(c)100Xima9eola6an|)lecoitfan«BOEX;aridW20^ 
DEX. 

lOOM Thei)reser*lnw«8or.fedrededale«handn9thel>8oconp^ 
lf*ol««rnodWnQftecheii<sWesol«>epolymer8perse.ralheritOTW^ 

S SSX^Sn-ra^ surrouxing issue (sold or »J-,*2;:;2^^ 
SteallhatirtertSAsa result »»l»»ymerls expo^ 
0W«peei«.toes6er«;«iedelensivemecha.*^ 
thepraaerti i i wrn lion. 
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por^ cornprisingaoonslitue^ matertd in intimate contact with a ttterapeufic agent such as an anti-irtflanimatory 
agent me body portion owtaycd by a porous fa^ 
device, through the^n^^ 

nif iont!)^ the anti-in«ammatory agem mode^ 

matiort far exanple. Such oelular adndly includes t^xegulalion of spedHc signafing pathways that amplify the 
infiaimiatory response, leacing to exuberant tissue growth, increase in metaloprotease acfivdy. and oxidative buisL 
ExiA>erart tissue growth refers to ffcrous fissue fomiatiw 
Mar components, induding collagea elastia and ftoronectia 

mation of pannus. which can be detrimental because exuberant tissue growth can decrease Ihe oriice area of the 
prosthetic valve and encroach onto ysdve le^lels. inhi^ 
txNSt reieis to the afoi^y of phagocytes to a)nsunw CK^^ 

icals^siperaxide^hS^ogenperQodde^m^ It tends to cause de^adation of the pol- 

ymer of which the inrplant is rnada Some polyniers are nxve re 

fkioroelastomers such as poly(telranuoroethytene) (PTFig. poly(tetraffcjoroelhylene4ieQfborQprQpy^^ (F£P) 

poly(tetraf luoroethylenet>effluoi<Hipr^^ (PFA). poly(ethyl-letrafkiorethylene) (ETF^; and dtfier po^meis 

such as polyviriylchloride (PVQ. polyim^ 

enetyopylenecopolymecB, and siiioonesw Hydrolysis 

10032] The anfinrtenmatoryagem is preferably tocafizeda^ 

which ft then passes through the fabric overtayer. AHernativelyi it can k>e eluted from a remote site witf^ the medteal 
device, as long as upon ekjtion it passes through the fabric overlayer. Mial release of the anti^WRammatory agent at 
the site of inptantation is believed to reduce tel-associated propagation of the in flan inatory sign^, Sustawed reieege 
tel^^ to maintain a tow level of activation and 

[OOSq '^Ixx^f'O'tton of the medfed donee of the invention prefers^ 

%)toaboU 10.0 wt-% therapeutic agent, more preferaUy about 0.1 w^%toabout5wt-%tt1efa^ 

the amoum of tfierapeitic agertf loaded into ttie device depends on the efficacy of 

being aiMnistered. the age and condftion of the patient and the inta^^ 

of one staled in the relevam art to determine effective tfieri9>eutic dbsages. 

[0034J Qptionaijfttfiebodyportionoftiiernedialdevicecomprisesaninertag^ 

tion of 8ie irivilanted devioa f=dr exanple; barium 

devtoe by x-iay or fluoroscopy. Atternatively. tiie surface of the bod^ 

• ■O-* Pp^ ' ^ ^ ^ 5^,831; Bosley et al. Uia Pat 5.201.314; Bostey et aL. a& Na 5.081.997; and 

Rammler, US. Pat Na5.327.891) to enhance ullrasound imaging. For exainple; an echogenic mateiid such as ztoc 

oxide, iron onde, or titanium oxide can be incorporated into the body pcN^ 

[0035] A suTident amount of a biostabto polymer iTHJst be included to in^ 

desired characteristics, such as tensie strength and durometer flead^ 

portion of ttie device preferably comprises about 43 wt-% to atnut 57 wt-% sic^ 

inrienl. the body portion of the medteal device oonprises lib^ 

^^^toabout 45 wt-% barium suiato. and about 0.1 wl-% to al»ut 1.5 wt-% thef;4>eutic agent preferably deame- 

[0036] The invention is described herein with particular r^erence to prosthetic heart valves, armloplasty rings, and 

grafts more particularty with respect to medk:al devices ttiat include sewing rir^ havtog sSoone or polyurethane 

inserts and polyester fabric encasernem& Itoiettieless. it is to be understood 

to aiy implaitebte metfcal device, addifionaly indudina tor example^ 

ers, that can include a fabric overlayer of any type, includtfig tor exa^ 

such that ttie fabric overiayer is in contact witti body tissue or fluids such as btood 

100371 For exanfile. Figure 1 (a) is a sinpTied schematic view of an implanted medk»l device 200 entedying tfto 
present invention. Pacing and sensing lead 218 is attached to an hemieticalty seal^ 

huriw heart 316. toylantab^ 214) of 

implantable medcal device 200 contains an elulable anti4nnammalDry dnig such as dexametasone. to the case 

where inviarted nnedfeal device 20O is a pacemaker it includes 

and 2ia Racmg and senang leads 216 and 218 sense electricdl signals atte^ 

z^on of tt>eh ^ 316. a nd provide pacing puisesfDrcausi^ 

ends thereol Implahtafato mectical derice 200 may be an inf)!^^ 

U.S. Patent Na 5.158.078 to Bennett et at, ua Patent Na 5.312.453 to Shelton et 4 or US. P&tent Ma 5.144.949 to 
Olsoa 

I003q IryplailaUe mecfical device 200 may also be a PCD (Pacemaker-Cardtoverter-Oefixflbtor) coaespondgig 
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A/D con««k)nof sanvW ^an^*^^ 

SSLJ. aS^TSS^ beSies acM. and pressure ^ "^^f^^l^^^^ 
FNue 1(b) is a smpSRed schematfc view ol in^lanled mechanical ""•^.^^P^^J^^ t^n2±M 

»»SSh or n«sh 24 ten« a lun« 21 conlairtnB an annJar po^^ 

ymer. prataraUy Ttay are used lor shaping andtor 

te^2pSteorrirfd.canva.yinph,si«ldta^^ 

sr;rs*«.«.a««2n«^^ 

ali«««lloonlaininBag««2^ 

ftofcla TI»co« 12iaeonvtelely endoeedb^^ 

byioWnoadolhshe-a^undltoo-^^ 

and Sheas. 14rea««anr«*^ 
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SynchroMed~ punp (Mecflronfc 

punrp IS designed for defivery of Ihe drugs, such as^ 
ir<ecliog them to the tfitrathecal space. Th^ 
and coiiprises a round melal dfek aboU Z5 cm 1^ 
diameter calheter that Is inserted into the spinal fkad sun^ 

tioa the ptnp is encased ki a polyester pouch, and a thOTpeutk: agent, prefefafaly an antHhflanmtory agent, is 
coated or adhered to the surface of the metal disk, such that the thergpe^ 
pouch. An implantable drug infuskm dance aoxMding to the im 
anti-ir<lammatory agent is e)ipected to be much easier to ejqp^ 

fibrous tissue fomiafion is ^ed. «i«t»wieior 



Fabric overtayer. 

lOCm] The porous -overtayer- of the inplantablenriedhatdew^ 

promotes tissue ingroififlh. PreferaWjfc the 

ionedf^ 

techrtques Exan^les of polymeric «>ers that can be Wt or 

as coRagea sSk, cWlin, c^Wose and synthetic polymers such as polyesters, pdyamides. polyurethanes, potypropyl- 
enes, polyethyteneter^)hthalates (PETs). poly0etialluoroetfiylene)s (PTFEsX polyelhytenes. poly(myl aloohons. poly^ 
Qcn;^^^^ poly(gtycolic add)s, poly(lactic acicQa polydvnettiylsiloxanes, aianftis. and regenerated oelluiQses. 
Pr<^ably. the porous polymeric material is a tolled or 

r I r t fi)ers. which are made using a heating and mechanicat stretching process (a WS»erson ^ ai,. "Biomaterais 

Used in Per^pheial Vtacdar Surger)^-^ Greca Ed, Inplantafion Biology: The Hdst Responses and Biomedkai 

Devices. 179-190. CRC Press Inc.. (1994)) can *o be used; a fabric made tram expaidedPTreii)^ 

hand&ng characteristics and exhfoits less fr^ng at the suture ines 0^ 

[0044] "n^poroustabricoyefl^isnotlimiledtoaparticUarstructu^ 

an encasement an enclosure, a sheet a layer, a fim or a coaling. Preter^^ 

high tensile strength, is flexUa possesses a rough neoihtima 

tear resistam to needte penetiatiori and sutures, afvl is biooonpaliila 

Bodyportat 

C00451 Asusedh€rein.thetennTxJdyportk)n-ofaninplan^ 

able mecfcal device that is cowed, encased or a^^^ 

includes other stmctures or portions that are not ooveredby ttrto. 

I004q "nobody portion of an invlantabte medical device^ 

stituem material or materials, vnthoiM imilat^ 

bioooryatibia The choice of consftuent material 

entediments of the device intended for lohgrlerm use. suc^ 

ers, it is preferred that *ie body portion of the device be tonfned ffom a bid 

polymer. Preferably, the material forming the body portion of the d«^ 

to the fabric encasing it The inplantable device of the inve^ 

or fMds tor extended periods of time (ag^ cfaiys; 

iTOterials to form the bO(4r portion of the device include poly^ 

"*fe^ ^ fs nyion-66: polyinwJes: polycaibohates; poiyetfwrs; polyesters, such as polyethylene terephiialate: pol- 
yvinyl aromatics. such as polystyrenes; polytefrafluofoethylenes and other classes of ffooropotymeis such as poly 
i^ene<Hoto-tiknfoe9i)fl^ poly (ethylehe4elrariuoroe%lene), poly(chtoro4rifluoroelhylene), fluorihaled eti^l- 
ene-propylene copolymers, perfluoroallcKy a 

prapytones, polyisoprenes. and ethylene-a|pha olefin copolymers; acryic polymers and copotymers; vtoyi hafde 
po^fmers and copolymers, such as pdlyvi^ 
ajdiK polyvinyl acetate; polyvir^ 

chloride; polyacrytonitrite; as wel as copolymers of viriyl monomers with each otfier and otefm, such as ettiylm- 
metlyl methacrylato copolymers, acrylonilrae^ene copolymers. acryfoniMe buladfone styrerie (ABS) resins^ 
polysulfones. polyelherimides, polyedieretherketohes. pofyarytetonesw epoxy resins, fquid cryslaftie polymefs. 
polyphenylene suTdes, pohfpheriylehe « 

acetate copolymers, and blends of the afore-mentioned. Pblyurelhanes and siioones, or oombinafions thereof, are 
presently the prelwed polymeric substrates in the context of this inw^^ 
abto device of the invention 6 fabricated from sakx)n^ 
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B shoiJd noneftetess be unttefstood tha ris wei 

^XX^ poly(l,ydraxySSS^ P-W^J-^i^SS^^ 

J^'I^SI^Sr^ ♦« therapeufc agent du^ 
homlhepolynwrasaooneequenwofbiodegractali^ 

Drog-loadkig oi fliebody porfon. 

(0M71 T^cons«uenlnw*ertalolthelXKlyportiooolanimpl^ 
JonSi ^ one or n«xe therapeutic agents (also relened 
tial *e ftersoeulfc aoenl can elute away 1^ 

alone or inlemixed^an««nxKtfnflpolymer.««naI^^ 
and applied to ll» surface ol fte lx«Jy porfco of the d«to^ alter 

SjiSS^portion o» the devica lean tHi physically blenW 

SE«fi?soW«vllcanl,eiive^ 
^I*«rinfciirfinto a oor«w metal bod^ 

S^ther material, adsorbed to anomer n«-erial. ela. to 

therapeulic agent eanbelneorporaledinto the me*alde«cesuehlhal*B^^ 

rid ol the body porto ol the dewce are *«hin the sccpo p«S«^ 

mSl ^Ii«eni)odn«*apolymerolthebo^ 

eaherbifblendSia or usiig a solvent in «hid» they are both s^^ 

^ a body Domon ot the device, and a ftempeudc apenl are infcnate^r '^J^^^^^^^ 

!^l21^onivn.e.s feted above, as long as they are ableto^ 
3KbSpoS^**« device Memalively. h«^ 
il^«lSaSatietobond(^j^^ 

Dlea of suUble biod&soibalile polymers include poly(L-lacic aad). P***^*"*"***^ 

S^,J,SSJn-e). pol,(h,dr«ybu,yra.e«^en«e). and oj^s as '^^'^^^^S^ 

/SafanL^acMfihgontheatbceolthebody portly 

SSlandalto«inB»»a.<4nnan««to^ 

fi^M M-flicihwi-g-owfoidone. anditaf cJ lioroior m can be used ^ ^ . 

Wl^IlSS^nSSnenL a therapy 

LicilWs«anbeddne«»mor««ho-asurlacag,a«poly^^^ 

UVirradfertoaandianizingiadWoaAtenaIively.«iecericlo^ 

l^lSrtal) can be used to ntiate surface graniio.Aoco«ing^ a dni^^ 

SSTor cS;d^ano.her material (e4,.mel^ 

r«»lherma.erial,adsort«dtoanof«r material. elc..totom.^ 

hereia^.secbndarycoafingpolymer. surface fl«ftpolym^^ 

deftiedtoinclude INS secondly polymer a6%«l as the pritnaiypa^^ 

device (efl.. the se»*iQ ring insert or fie vascular grafl). . 

ion?inpSSS««t«»body portion o«thedevi«^ 
!hel;,»ufc^ Is ciwe 01 e^ 

the devices so as to aien elUe throo^ fie porous fabric overtayer df the device^ 
lOaSZI Mol»«lhstanrfngf»prece(fng:hovvever.a»ieiapeuticagenli6preler^ 
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tory response is deperxlent on the rate of drug ehj^ 
release prof ae off an nvlaittable medkal dcM^ 

Therapeutic Agents 

(0053] Suitable arrti-inftammatory agents for use in the present invenfion include mdude lx>th sterokial and nons- 
teroidal compounds. Preferably, the steroidal anti-innammatory agents include gluoocortiooids. saRs, and derwaHves 
thereoi Examples of such steroids include Cortisol, cortisone, fludrocortisone, prednisone, prednisolohe. 6o-melhyl- 
prednisolone. triamcinolone. betamelhasorwL dexamelhasone, bedomethasone^ adomethasona a ndnor^da de- 
bediasQl. dpoortoione. Dexamethasone (9a-ffluoro*1iPw17a21-tnhytfraxy-16aHn^hy^ ne^.20HSone}, 
derivatives thereof, and salts thereof are partiadariy preferred. Dexam^hasbne socfium pfx)sphate and dex y netha- 
sorte acetate o'e suMile sails and clexamethasone-2lK)rthopho6phate arid its dl^^ 

Nonsteroidal anti^lammatory dnigs include gold tNomalate, gold thosuKale. awanolia b-penkalamine, and Cok-2 
V inhasitors such as rofecGD(i> (Viaxx^. Dm^^ 
[0064] The anti-inllammaloryagem can be used in any amount that pr 
rnental effects* such as cytoloadc effects or the suppression of the imn^ 

or dosage eqspropriate for the deared duration and intenaty of the anti-inHammatory effed. Ultimately. tNs is dictated 
by the type of device to which tins kivention is ^3pied. Geiieraly, it is bef eved. however, that less than critxMit 1 mg of 
an anti-innannmatory agent per square centimeter of surface area of a pofymer-corrtacting sufEice can t>e used to pro- 
duce the advantageous resdts descrt)ed herein. Other therapeute agents indude aii^^ 

anticoagulant agents* antfthrorrtolc agents; antiplatelet agents, antimitolic agents, anisq^licG, aniopddani s , engine- 
tabolite agents, antlproliftf alive agents, anti^caldfica^ 
catalysts, hormones, growth fadois, teclirisw vHamvis^ 

teins or peptides, polysaccharides, dyes, racfioactive compourxts. or any combination thereoL A preferred thenc^ieufic 
agent is heparin. Preferably, the heparin is included in an amount effective to prevent or limit thrombosis. Heparm can 
t>e incorporated into the body portion of the device t>y coating, covalentty txxxfing. or any of a variety of wel-toiown 
techniques for incorporating heparin i^o a medical dance. In one embocfimeni, tieparin s oovalenlly tx)nded to tie 
txxly portion of a device wIMi also ooritans an el^^ 

lOOSg Antim i crob i a l agents include amlno^yoosides. such as genl ami dn. Iqnamydn. neomyda p a ro momyc i h, 
streptomycin and tobranrydgansamydhs 

loridbie, cephalothia cefazoTn. cephapiria cephradbie. and cep^^ 
deandomydn and spiramycm. penidNins such as p 

didaxac»in. floxacafn.nafdfin, anpidttin, amoxicBbi. and cait>enidSin. sulfonamides, dtforampheniools. tetiacydNies 
such as tetracycline. oxytetracydina. ,dilortetracydine. nr^^ 

nrinoqrcfine. polypeptides such as badtradn. polymixins, tyrothridn and vancomycin, and othm inducfing trimelho- 
piim-sulfarnelh0Ka2ole. fincornyda cGndanr^^ 
rifEmr|3idn and gentamidn. Anfeeplic agente 

compounds such as benzalkonium chlorida Other examples of therapeutic agents include cytostatic drugs such as 
amethopterin. vincristine sulfate, an virMasiine sulfate; immurK>si43pressiveagerits suchascyciosporine AarvJazathi- 
oprine. ami-eel adhesion molecules (anil-CAM^. such as tactose-l -phosphate and anti-integrln antibodto, antai- 
dants sudi as ascoit)ic add and a^xopherd. and others such as pe^^ 

and administration protocols can be found, for exanpla in the Merck Index. 1^ Ed 0yierdc Reseaich taboratorfes, 
Merd( A Cou Inc^ WNtehouse Station. ^^ (199Q). the Physic 
Ck)mpany. In&. Mohtrale; hU. (1999). or the Mau^ 
veisity Sd»d of Medteine. ZS*" E& (a A. Ewafd el al^ 

EXAMPL£S 

10056] The tdlowingexanyles are wtended for Mustrafcn purposes 
enwisespedfied 
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Examplel 

lnvi»oBiolo»calCb(idalionanden«^^ 
A. IMeiMB and MallMds 
I.Gelisotafian 



«hhii H«rf ««s used as sou«ses 01 llw cete in these 
{00571 Human and '^}*°°^^J^Z^tla Mononuclear cete ©n^jhoeylBS, monocytes) «rere bo- 

2 unasArt sodium heparin WMOhn Co, ^^^^^f^ "^^^^^^ 
U^^ISninutestvaon^^der^ 
ert «-u8o.« aooo«infl tea mo*W Boj^rt^^^ 

239. waeHiss. !«. 0 W J^^'TS:'!*^ eels ften rosuspended in eMd 

soMion (HBSS) «ilhoulCa?» and Mg** to ""^^.^^^lOlMArt Penidftva and 0.1 mgW Slreplon*cin). 

The eel suspension was see(tedrt08«v^ 

arc far 1 hou(Ad«rmanetal,a ^''^•^l^^J^^J^^^ 

lhes^wnatanlwerereooJ«edrtort^^ ^ (monocyta^ *«• fl-^T 



2. -pest Materials 



Ureplatea under sleileoondMons. 

3- to v«ro Polyiner Tireatoiierts 

A2^*,^.eam«n.*as«aniedoulal37^tomWc•-*^vM,e«^ 
OegadaBonolftePEUt tieete. 

looeiq •'^"v^J^r^^Si^i^ 

wif, eilher freshly •^^'^^rrj^ Oi!M L-Glutan*e^lOU»rt 

cete per wel) and oltoed h a slandaid me*^RP^^ 

P,,*a,U3and0^n2lJ-«r^^^ 



s::;::;:ror5k"a^^^ 

sodh«phosphate(Da2at0^4pgWan^^ 
condSons were also sto<teLlnon^^ 

«,cuBuremedband6lpredin*edaik Alp^^ne^ ^ ^ 4»*v incOwloa 

Dies in JrkjOcate were ren»wrf after vanous ime penodB to^ 

5^;::^epreparedintr^ 



[00611 Fea2trea*nenLR«owirH|t»49^ti^r«r^ 
l,Jpoeifionb,healseaJ«the^^*n^^ 

revon of the spe«*ne«. Th« ''^JP^ " ^SlJ^Si lOdays. 0^ 

states. Stressed specimens were ««*»ledinSnW^^ eSTconSon were trtwi ■»« lO^lay 

the sanvtes was pertermed during the IrealnienL Tn^e«m^^ 

IliilTSnninodeclmnny^^ 

.=.H«uMdwal«.ri^«dJh2tn«^^ 



S5 (0062] 

15imulesincis6led 
using an kxtomdric assay 
method is based on the reactw«y 
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corfplex (bl was measured spectrophoto^ 

lnsm«nent^lrvm.CA).Thisine«K)dmea^ 

cner. 

5. Cel Morphology and Surface Analysis 

[0063] The polymer film (0.12 mm thick) were suffici^^ 

thev surfaces dixing ceR oituring using opfic^ 

morphology evaluation, specimens were tal^ after 21 da^ 

evafciation by placing Ihem into a a)ld fixative solution com 

enlifip, iq and 1^ gMaraldehyda They were then stared at 4^ to 

the glularaUehydr fixalive. rirised in 'T>LASMA4yT^ 

fixed with f'aladels fixatn^ (4% solution osmium tel^^ 

fixatioa the samples were rinsed in TLASMA^YTE" A three times for 10 nrwnutes each, and t^ 

usiriginaeasngconcentrafionsof elhanoL They wiBrernalycrflk^ The polymer surl^Kies 

were also evakmted using SEM foltowing the I0<l£v trea^ 

ter coated with goldinladiim for 2 minitf es at 10 rnA (»100 Angs^ 

Coaler (AnatecK Alatandria. VA). Observation at dHlerent magnaicalio^ 

l igtfumenb) scanning electron mfcrosoopa 

aResulls 

1. Morphology of Mo^ Monolayeis 

[00641 The rnorphologic changes in the ceR monolayer during the niaaophage^ 

faces were studied using OM and SEM analysis. Usmg OM anafysts, earty c&jring cUture. eels in the standard med» 
started increasing their size, which continued to increase 0¥er time. The Wto/Mo monolayers in the standad medni 
showed a variety of shapes^ morphologies, and degrees of cytoplasmic spreading. The morphological changes that 
occurred between 0 and 33 days in these cefisw^e extensive -bK^eased size. cytoplasavcsprea(fing,uriusualsfi£V)e^ 
assunied witfi 60 |im dianneter along the larger axisw A decrease in ttie rH0ite 

standard culture medut fMMa monolayers cultived with DSP showed no inaease in cefl size: however, a f^ eels 
were obsenred to develop morphology simlar to those ciltured wih standan^ 

[OOaq SEM analysis of 21-day cultured cells (standaid mecfia) showed a high de^ee of cefl attacfvnent ml 
spreading of Mo/Mos on PEU CeHs were usually henispherlcal w^ 

indicating celular activation. The cfimensions of tfie cells varied bel«ireen 25 lan and 60 |im depending on tfie dofyee 
and eccentricity of the spreadng. to contrast Mo/Mbs cuftiired in the presence of 0.024 

degree of eel spreading. The latter ceRs also showed numerous cytoplasmic processes (membrane prokmgafiofis). 
The nudei of tfiese cells tended to be fairty henn^)herical. whie the cA 
adopted a vwi^ of diapes. These ceOs were MgjWy variaM 
larger a»& Other test Gondiions - human Mo/Mas cultured h 
cultured in standard medta in which a viable beO nri^^ 

sutaoev^ evaluated witfiSEML ^ 

2. Bolymer Hydrapefoodde Evaluation 

C0066] Figures 6 (rabbiQ and 7 (hurnan) show the hydroperoxide COTK^ 
under ttie different concfitions descrt)ed above. These condition 

(2) polymer specimen stored in the dark under antbient conditions (without aiture med»); (3) human and i^^U 

Mo/Mgs in standard culture media: (4) human lyiifjIiucytBS to standaid cii^ 

ard culture rned^ plus at 0.024 and 240 fibril 

[0067] The data shows an increased liydrbperoxideconoenliato 

MoMesL This eliect was inarfced in AS specinens (i)^^ 

wHh MoMas from eHher s6Urce (rabbi or human) in stancfaid medfa. By oonfrast AS specimens cultured with lym^' 

phocytesaMo/Masinthepreseffceof PSPsfwwedsigngicantiylowerfiyO^ 

paratsle to lewels of l^opeiuxiae odrtoentrafiori'to specimiens incubated in culture medfa o^ 

the dark under an*)ientcondtens. likewise; ri^ 

tued with Mo/Mas showed the towest anma« tif hydR^^ 
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3.SuitoeAna|ysis<Sa«) 



!he stressed (Wded) area « «» J™"? to the appied sln*. 
Tl» cracte r«l WBa*ed in pte to adopt a fih^rd^^ 

*ec6on caused IvtlM^loldins,!^ 



C. Cortdusian 



so 



55 



I0069I TWs study Wte^lWna^^ 

hydraperoxide tornatw. « »» P^^^Sl'tJfSl!^^^ *» 

rs::2ra'rrrhS:^':^^^ 

phagMitired PBJ In *i© presence cl OSR 
ExanvHea 

^W^Mcdu.afion<.Macrop»«K^Phena,yp^ 
in a Human Macrophageff^e/Stress S^em 

A. Materials and Methods 

1. cdl line; tM«n» monocyte<lerived n»cK^^ 

,00701 Thei.v*an«««.usedlsdesoi«II.E««^1-Hun«nv^ 
»,«ch were isoiated as desoiied in Bomple 1- 

2 ItetMatorisis 

,0071, Oe^n-thasone-U-ded^E^^ 
sion. TEU£TMANE- 80A(Pa «A^«^^ 

0.024rieh flms were e)*uded witwU OEX B*^^ 

wels oJ 96<i*awwl oel cullure plates imder de^ 

' 3.*,K*ol«nn«T,ea^Aa^*»^.«^ 
plel. 

Dacrophage treatmenL polynfier sanples 
afterwl»ctialr«slimacropnaoenionoHyBrwwa«^i^ ' . . J <.i^nnrt ntm Irrrtrnml 

wereren^^dintripllcatelorhydrc,^ as 
100741 FeOa Treaunent Fotowno «» <<^*V •naoophage trealmef*. speamens 

described in Exanvtel 



18 



EPI 023 879 A2 



4. kxJofnelry 

[00751. Polynwrspednrans taken after Ihe40<i^m^^ 

taed water, rinsed three fimes, and dried at 25«C for 4 hours. Hydroperoodde (ROOH) <lelemmalion usmg an bdomelric 
assaor was performed as desortel in Exanple 1. 

5. Cel Morptiology and Sifffooe Analysis 

(0076] OM observation of cuHured cefis was performed during tfie macrophage treatment stepi LBcewise. the 
stressed polymer surfaces were evaluated using SEM foBownng the 10-day treatment wdh FeCl2. The specimens for 
SEM evafoatfon were rinsed In dBtilfod ¥ioter and aied 
sputter coated with goldt>ala(fium tor 2 minutes at 10 mA (»100 Aii^^ 

terer Coater (Anatedv Alexandria, VA). Ot)servation at diffcf ent magn T ications was done with a "STERCOSCAN* 360 
(CariMdge Instnmnts) scanhhg eieclron rnforoGoc^ 

6. Kinetics or OEX BUIion from DEXff>EU Test ftiaterfa^ 

100771 DEXrdeaseprofie from ai%DEX/Pd80A and 1% DEX/Pe80A was detenmined >i at 37n; in PBS. 
Each of the materials wes run in tripKcata The procedure inwo^ 

± 0i>2g) in 15 ml of phosphate buffer (Product Na P-4417. S^ima Chemical Co. ^ Ljouis. MO). The average Ihck- 
nesses of the <fisKs were 0.47 ± 0.06 irm In a 32Kiay perfod at various timepdnts. 800 of txiff^ vvas removed for 
analysis and replaced with fresh buffer to keep the elutkxi volume constant The afiquots were cold stored (4'*C) unia 
analysis fay HPLC. 

7. HPCL Analysis 

lOOTq DEX was analyzed using reversediihase ctvomatography and lAMsUe detecSon. An octadecylslane col- 
umn (Product Na 07125, Tosohaas Bioeeparations Specialisls. Montgomeiyvaa f^ mJ mobfle phase consisting of 
methanol and phosphate buffer (100 mM. pH 5.6) were chosen fry tNs purpose i=urlhemiore, the flow rate (1.0 
mlAntnute) and use of detection wavelength, peak areas and autointegratfon remafried constant for al etperiments. 
From Itus data, a curiftibtive eMion profile and a dafly DEX elu 

a Cytokine Analysis 

(0O79] fri Older to assess the irii^ito expression of IL-la and IL«e.ti^^ 

various concentrations <rf DEX (2.5. 0.25. and 0.025 ftgM) and methotrexate (50. 5. and 0.5 iig/M). A higher rate of H.- 
1 and IL-8 inhft)^ was observed with these agents, with DEX h»^ 
appeared to be dose- and friotetidn tirna<lependenL These results fiur^ 
the eSeds of these agents on human maaophages. 

B. Results 

1. Morphotogy of Mo^ Monolayeis 

[OOSq The rnorphotogicchariges In tfieoeRmonofoyer during the macrophage tre^^ 
faces were sludU A 100X OM obsereation through a PM)A control fim sho 
phofogical chaiges that occurred b^ween 1 and 40 days in these cells were ex^^ 

each material condRfoa Human Mo/Me monolayers on the test surfaces (DEX/Pe80AS) snd on oonfrol surfaces 
(Pe8QA) at 3 d^ of culture evidenced idle or no dWerenoes. 

lOOOl] Al laler analysis. 20 days, noticeable differences were obsenrad among the monolaym fri the dffierent sur* 

faces. WMe a rnuch ligher proportkm of maoraphagte with fr)^^ 

were obsenml on PeOOA corM material Mo^^to cultured on DEX/Pe80 AS wfe^ 

shorter dimneters and with less density. Evaluation at 40 days of polymer treatmert showed the ss^ne ceO pfierxitype 
seen at 20 days; although a more marked effect or celto with a inaximum of 60 nm dfo^ 
oonfrols and up to 20 |im on test materials. 
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2- Polymer H/drope«aMite Evafcaion 

treawertstepLThefarmalionolBOOHinPeeo^ aidO^lOiH 
iimole ROOHta ol polymer were corta«ed « 

3. Surface Analyss{OM and SE»^ 

both DBOPeaOA speamens. 0.1% and 1%. showed •^™^^u^ iTFeCMw-ment was ataxled up to lOcJays. 
damageinlt»tes»sanvlesandtolnd«»daw-.tes»n«lenate^ 

after whWi i» sarnptes ««e anal)^ unte^l 
observed in bom OEX-contaWng specimens 



1»)le2 



Material 



Sample 
Pe8M 



ai% 

DEX/Pe8QA 

1% 
DEXff^eaOA 



i 



m vitro Kos tabHtty Evatuation of D&JMOA fintt^ 

ESC RatInQ post 4<Mtay MOfl CM fay FeCh tr eatmeiit 

5 



(V5 



(V5 



2 
4M 



0/6 



06 



0/5 



1/1 



VI 



in 



0/5 



Hnal Rating 

IF 



0.4 



5.FMiatinge)9)re8sedasM6an.0bseival^ 7O-100X 

X = 0 (no changes); 1 (chanoe Iwt i» enKi* lro6tBd««^ 

YU(noehan9e6):l(o<«£20*olsurfaoe):2(«er>20andE40*d6urt^ 
4 (over >60 wid £ 80* of surface): 5 {owr >ao% olsurfao^. 



» 



4. ProBe ol oex EWonton DBWeeOAS 



20 



EP1 023879A2 



decfined sharply tfier eafter. From <tay 5 to day 32 there was a slowly decreasing level of efation. Alter ftfe ^jm^^ 
decine. a release of 0.02 ± 0.0 1 and a06 ± 0.03 mg^An^ was registered at day 32. 

C. Conclusion 

{00071 This in vitro biological system has shown lobe an effective toal for slixlying fx)lym 

of ccinponents that are presem and avaflable in the body during host r 

rather reafislic method to replicate ESC degradati^ 

oxide deconposition. resulting ffi a degraded polymer, and that t^ 

ate reactrve oxygen spedes through a controled DEX release prevents the initial stef)s that lead to polymer 
degradation. The efficacy of this approach was deffK)nstrated in this st^ 

andno subsequent ESC damage in polyethenjrethanes (PeOOA) loaded with DEX and treated m the Mo^Mfl^e/^ess 
systemi 

Examples 

/n vn^o BiostabiSty of Oexaniethasone^Pdlymer 
A. Materials and Methods 

1. Biostability Sample Configuration 

[0088] Each faiostabiOysanrple consisted of a piece of coated test tub^ 

gafioa f^xfysutfone mandrels were used to support the strained tiixng. A 2-0 Tioron suture was used to sustan tie 
straki of the tiixng samples over the mandrels. The inplant material strands consisted of five sanples made spedR- 
caly for test or control condftions. Each rabbit was implamed in ttie subcutaneous tiSM 
pie ^and& Each strand was identified by an attached glass bead wfi^ 
ooncWoftTheiwylantinaterialstraridsrneasured a ppft OT ^ 
sauriples from 6 condHions were inplanled in 6 rabbit 

2. Test Coatings 

[0089] Several fomuiatibns of OEX/Pe80A w»i varied DEX concentration were preparedL On the basis of DEX 
concentrations (wftwr) the soMioris were 0,1% DEX/PeOOA, 1% DEXffW>A, g% DEX/i=W>A and ffWA (wto DEX), 
The solutions were prepared at 5% concentration of sofids in THF and were used «w 

2363 8QA ti^ (Pe80A. Dow Chenwal Ca. Midland. Ml). cAc (coM/coU extnision process). 0.070 inch K) x 0.080 inch 
Oa For negative controls Pe 2363 80A tubing, h/h (hot/hot process). 0.070 inch 
Se^m of ttie coldftx)ld Pe80 A tiAwigs 

PeSOA cA; tubing coated (1 dfp) with 0.t% DEXff^A - resisting in abo^ 
ligfenii? DEX after 400% elongation (refOTed to Wein 

F'eOOActe tubing coated (1 d^p) witti 1% DEX/Pe80A - resulting in about 22 MO^cm^ DEX Mtialy and dbout 5.4 
MgAcm^ DEX after 400% elongation (referred to herein as 1/1DEX^ 

PeeOA ic/c tubing coated ( I dip) with 5% DEX/Pe80A - resutfing to about 120 liQfcaf DEX initially and iteut 30 
pgfem^ DEX after 400% elongation (referred to herein as 1/5DEXff'eiS0A); aid 
Pe80A Gfc tubing coated (4 <%») with 5% DEXff'dOOA - resufting to 
liA»|2 DEX after 400% elongation (referred to hereto as 4/5DB^^ 

[0090] Altfiesarivfes were sterized with one cyde of ethylene oxide as is «^ 

3. (Control Coatings 

W09I1 fior positive conlrote.f'M0A<x)ated(1d|>)Pe 2363 80Atu^ 

used For negative opntrob.non<»atedf^ 2383 80AtUbtog.hm. 0.07^ Biostdbiay 
samples to this condftion were stress refieved (aa) at 180^ for its miM 
The controls were steriized with ethylene oodda 
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4. Test Animals 



sa^wer. implant u-^oenej^^ 

DEX-contaWng sauries. The TiH^t^ereintJlanled in Iheaiwulanebus fiS- 



& Aoeelvated BtoeUbnyltet Model 

- w,,rfrfj»fc,morfrf -as iMd. Sections o« test and cw*d»ubi^ 

15 400% etoogation. The negative control {Pe80A Mi)v»assfress roieww ai i w ~. 
yiene oidde sterifeation. tlie san^Jte strands were intJlan^ 

& Sampte Analysis 

. ^ , - cjHimtes were exttented. No atmormal tissue response at »» impJan* 

sites was noted ma(«)soopica^. The saii^ were 

the sanples were exairined IV optical «i«K>sapy a^ «V » TOX 

B.ResuN5 

ftaMfSb 

[00961 Theoi«ralre6iilssto«»ttd«iefa^^ 

6 santples showed l^Wtant « « -eete none ol 10 san^jles «aKN»ed ESC Wurft At 10 

& AiSOBUPeaofii Test ooaSna (93.1 1« DEXfcnC)- « * "pMo^^ 

prescit. The remainhiB 6 sanite tes no ESC piesert 

« (00^ hson»ol.he1.%,coa,edspedmens.o«-a««»o»daMh«oortnow«<^ 
loconelatewltiESCdanHosH^arri^^ 

coaling. TWs is evidenced by •» dear DEXdo6ft<ieRenaer^ oraohSl* shows fcalwMeco^wBi 30 

scorei. terms 01 ESC H-inaiK.spec«»nand^^^ 

to the positive corUrd cond»on was observed at lo *®®rL^Jvl?Z 
(4y50ex/Pe80A)pertorined better than ttwposievecof^ 
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C. Conclusion 

(00991 This study shows tMctoamelhasone has a pio^ 

the development of ienvironmenia i stress craddng in oocidatovsusceptflJte potyurethane. 

5 

Exanpl84 

Anti-inRaummalory Deuces: In vivo Stixfies 
to A. Mtteiials and Methods 

1. Test Animals 

lOIOCq The animals used for implantation were 3-monthold. 2SD-300 g body weight feinete Slprague Dawtoy lals 
15 purchased IromCharies River Laboratories, Wil^^ 

2. Cage Test System 

(0101) The metal we mesh from vvhich the cages were made was type 304 s^^ 
2o a wtfe diameter ol 0^54 mnv and interstices measuring 0.8 mm x 0.8 mm (Oerebnd Wire Ciotti and Manufedurir^ 
Ca. Cleveland. O^Q. The d i maK j on s of the cages were approodmalely 3^ cm long and IjO cm in dimeter. Each cage 
contained a piece of the oontrol or test nreterial off imerest Enply 
packaged and steriSzed with ethylene oodde as is wel loiown in tte 

25 3. Test Materials 

(01021 Dexamethasone4joadedPdlyureihane. A segmented aTf)^^ 

4.873.308 (Coury et al.) wilh no addHives was loaded with micronized. free base deacamelhasone USP (DEX. UMbhn 
Ca) usir« a cosolvata process The appropriate amount of DEX was dissol^ 

39 hydraxytoluene). AUrich Chemical Ca»Mi«ifaulm.WI^ 

and 1% and 20% DEX The solulion was cast in 9.5 cm X 9^ cm nEFLOir tn^ 
dried in a freezer at -17*C for 4 days and then in a vacuum oven at 50H^ and -30 inches Hg for 2 
containing f9m and control ffbn (no DEX) were cfried under airixentcondfoisfor 1 day,at60*Cfor4days.andthenat 
50»C and -30 inches Hg for 3 day& The dried 20% fflm had a thickness off 0.7 n^ 
95 thicknesses in t>e range of a44 mm to 0.82 mm Specimens weighing 24.97 ± 0j04 ing (controO. 24M ± 0.05 n« (ID), 
and 25.01 ± 0.06 mg (2pO) were prepared* placed n cagesw and sterifeed with eiiylene ooddeL 

4. knplanlaSdn Procedure . . 

40 (0103] One cage was implanted subcutaneously on each of the rigM and left sides of anesthe^ 

For inplantation purposes^ the 33 rats were (fivided into 2 groips. In the fvst groifX. 1 5 animals were inplantedL In the 
second groijp 18 animals were implamed. A 1.acm to 1.5<m inciston was made 
and ahxig the rnkflna A pocket was made in the subcutaneous space ^ 
blurt dtesecfioa A cage specimen was then inserted through the tf^^ 
45 camosus. with the seam placed against the underiying muscle Another cage specimen was implanted on the other 
side, of me ral in the same lashioa The skin incisfon was ctosed wit^ 
wound was then sprayed gently with Betadm sofritm. 

5. Exudate Analysis 

so 

(01041 Enxfato was aspirated with syringes from the cages at days 4. 7.14. an^ 

interference Mth the bodyls inflammatory response, no more than 0.3 ml of exudate was collected from each cage at 
each time period Total and dttferenfial eel counts were perfrvmed by personnd w^ 

ktentification using standard techniques. Allerthe 21 -day exudate sanvirig. the rats were euthaiizedby cabondfoDdde 
55 asptyxiatiorL 
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ClUalCelCounl 

oounl ta^ e)MJate ws delem«ed by 
rOMeranlialCdlCaatf 

col ^pes counted tor ttvs analysis. 
e.CaoeAnsriysis 



surface 



ly evaluated maaoecopJealjr. cagaswera immeised Md 

Wacland opened cages were eaeartMd and d68crt>ed AW 

1-%lonndniMC^ •...h^.-.M: mm canes were dried at 60*C tor 72 houre 

less steel wdflN) per cage was cataJaled. 
9. Material SurtweAnalycis 

tOt«, P»^spec-«-'e«--.-^ 
en6fc.McGrawParKI9.andptaoe^ 

One piece was placedir^acddlta^^ 

Tl» other piece was placed «ito an alcohrt fio*^^ 

T»»polyn»rlin«(p.6rnmthlci4jj«res^^ 

tocytea«ingcp«ical necroscopy (0»^ an O^^^^ 

Wilaftr*arecterizedcntK«.sides.wt«chwerev«^^ ^ ^PBOC) was 

eel tfLd-d 10 Ihe sitemaa sirtce was courted«e^^ 

countedasooacefcaMwihthenumlxsrofnucW^^ 

lOlim R)rSB4«ahMlioaspeclmen8werereniwed»OTtt«^ 

ihree imes tor 15 n<Wes eachand prepared as deec*ed». E«ir^ 

laSMislcal Analysis 

10111, T^edataispreseniedaslhemean^saF^ 

Ixinrrience(p<O.C«wasusedlDCon^ ^ 
pared to Ihe PU coiiW fim macle usirio THF (A) and an 



B.Resi*B 
1. Exudate AnaljfSis 



S9 



56 



Coil^, ^.eu.«cyted«^in,he«u«as«njes 

post*plan«ionarodfeplayedflrapN«^^ 

allestoond«ootDe(<ontaininQniatenate(1Dand20^dea^^ 

lonllma.TWsellec.wass.afelica«ysign^^ 
pniai /^♦«tays.1D*ited9<»a.-a)0d^^^^ 
rial (A). At21 days. '^f^^f^KTST^^ 
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on the results. 

[9114] AO oeOtMies in the exudate, whtch^'n^^ 

post-«nplantatioa Atclay 4, the leukocytes were donnnated by poly^^ and macrophages (Moe). 

At later time ponnts, howe^, there was a tapkJ decSne in the percentage of PMr^ refflecfing the estabishment of a 
chronic mflammatory r^ponse. VVNle the a)rK;entrafi^ 
time, the considerable deaease n PMNs provided for the percental 

types. Only macrophages and PBGCs were present on material surfaces at 21 days, MKXjgh macrophages^ lym- 
phocytes, and PMNs were charaaeristicaly obsen^ In exudmes. The total 
taining 1% DEX (ID) and 20% DEX (20D) dicded lo«^ 
have sigr^icantly less potential to elidt Infta^ 
PMN nuni^ers observed at 1 4 (approximately 5 ceUs/ipL eooxlate) 
in the 1 D exudates, suggests thm tfiere was Utile or no 
words, a mildly chronic inflammatory status prevaiM 
present at 14 and 21 days in exudates from controls A and EC. wM 
the process toward a fcA wound-heaing re^ponsa 

2. Material Surface ywialysis 

lOliq Dramafic macroscopic dWerences were observed between OEX/PU<ontaining cages and other cages. 

Fferous capstie formation was signficanlly lower in 1 D cages (40.6 ± 1 0.6 mg diry tissue per cage) than fai oonM A 

cages (218.1 ±72 mg dry tissue per cage) or enpty cages (207.9±m7mg dry llss^ 

tiveness of dexamethasone in reducfngooOagen production^ the tissues surroi^ 

[0116] Surface analysis of materials aOer 21 d^ of inplantation showed adhtf 

lineage, under light microscQw at 45X. the majority of adherent c^ 

of the observed ceHs showed classic macrcvjhage morphology, 

[01171 Oifierent densities of ac«ierent leukocytes were present on the surfaces. Most of the surfaces evidenced a 

more or less random eel distrixjtion: however, there were areas of hig^ 

and occasional eel aggregates, and areas off very few cell& Acftierent ieul^ 

degreescf cytoplasmic spreadng. Some of fteceOs had assumed unusual shapes; and so^ 

of the ceUar mentane. resulting in considerable elfacement of the eel ap^ 

present on al surfaces, except on lOmateriaL Since no surface analysis was done at earfiertimcpp^ 7,14 
days), the progression in «>e process of ce« distrixjtion/Mhesion was not 
[0118] Staned surfaces of ID material evidenced a greater macropN 

surfeces. several macrophages and only scattered FBGCs were obsenred. In contrast, a consider^ nuiitier of 
PBGCs and only occasional macrcv)hages were present on tfie control in^^ 
and no dexamethasone). 

(XCondusion 

[0119] TOs study shows that dexamethasone-loaded polyurethane Is eflBcllve at reducing Brfia nw Mta i fci 
response to biomaterial implamation. 

Exanrv)le5 

in VM> EvaluatidnolDexametasone<k»t^ 

A. Materials^ Mettvds, and Resufts of DEX-treated Pacv^ 

1. Preparation ^ Lead Prototypes 

101201 A set of exper i ments was designedtotest the feasfc^ty of coafing pacing ie^ 

iations. A segmented a%)hatic polyuelhane as d^cri>ed in Ua P^ Na 4.873.308 (Coury et aL) was loaded Wilh OEX 

throiigh Gosolvation in 7W asdescrt>ed in Exanrfsle 4. The ri^ 

9% drug-loadffig levels in solutioa The apprc^^ 

addedandalowedtoctissolveinthesolutioa Atcxmvsleli^ 

inar flow hood, tiansvenous padng leads Model No& 4023 and 4523 (M^^ 

and then dipped into the DEX/PUTTHF solutions, fn order to vary D£X4oadvig in the devices, the solutions contavied 
0%, 1%. and 5% of DEX (wAv). at 1 1% wtM lolal soGds A control included only a coating ^ 
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scope. Fnal DBC contoni v« deleraw*a«^ 

In ethylene a«te betore their use tor elulion shK^ 



'UHeS 



DEX Loading on Coaled teads < 




1 1%OEX/PU fXcwO 


5%DEX/P 


unfigh'l 


Dnigloadbio 1 atrial 


Vemncular 


Atrial 


Vsnlrtciiaf 


Total DEX (mg) 0.5 ±0.1 


0.4 ±0.1 


a4±0J2 


2^ ±0.1 


DEXA»nFSJt(mg) | 0i)9±0i)2 


o.oe±oiir 


a64-0.04 


o.5±OAr 


hlote: Date eapresaed in mg. mean± Sa n - 3. 



•W-7 



2. IGnefics Of to v*o DBC EWion from OEX-Coa^ 

the DEXIc«dw9sandth^j**wpro^^ 
possWe that extrusion andtor co-6Bdritt^ 
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* B. Materials^ MettKxis, and Results of /^wvD 
Evaluation of OEX'<k)ated Pacing Leads 
5 l.TestAnfanals 

101261 ITie animals used fx irnplantalion^ 
2. Lead hiplanlalion 

10 

101271 "nweecondieons of coated pacing leads were impta^ tmOBXJPU 
coated lead concWons ni)i(ir and T*gh 
6canines.Forthisstudjt3(2v€ntrkatoand 1 atriaOteadsftPOT 
dog. A 3-leadt)erKJog model was adopted to increase Ihe amount of 
IS nunte of animals and specimens per materiaVcondilm 



Table4 
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Expeiimenial Distribution of Animals and Coated Lead/Condi- 
Hons 


DEX Loading 


Coaling CondHion 


Na Canines 


f«a Leads 


"LOW- 


.1%0EXffnj 


2 


6 


•WGH- 


S%DEXmj 


2 


6 


NODEX 


PU 


2 


6 


Totals 


3 


6 


18 
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The ventrioto leads were inyiantedthrougriaaidlr^^ 
In** (CGTV). The atrial leads were Inplanted through a ri^ 
triato lead was placed In the RV apex and the other ventricular lead was pl^ 
from the ^)ical lead Thresholds of less than 1.0 V at 0.5 ms verffied a^ 
using the Mod« 5311 Patient System Anal)aer (Medtronfc 
the lead connector ends were tunneled to the rigW chest wal and capped wim 1^^ 
further documemed wiih lateral and dorscHrenlral analyses. In genec^ 
ewolvedwahoulconpfafions. Due the nature of this shJdy^ 

3. Evaluation of syslenfiic paiamelefs 

101291 The regulatory infhience of circulating steroids during the tfi wno stage of inplantation was evaluated. 
Severe depression of drculating levels of monocytes has been reported using 0).6 mg^'g txxfy weight sxl) t^dtocorft. 
sorw^a^oids can also depress the drculafing level of 14^^^ 
parttolarlyatimmunosupres^ 

detected chaiHies in the dm^ential distrbt^ of t)lood c^ 

101^ border to evaluate systemic changes that migftft)eattri)ut^ to D^ excessive cotHooster- 

Old. infection, etc.) from the treated devices, blood and hemogram analyses were peribnned at weelts 1. 2. 4. 61 and 12 
post inplant At least one of these analyses was performed iri thepre^^ 
beis were eittier wHhin nonnal rarige or slighfly elevated. In summa^ 

niaand^oreosinQpenia was not noted in any dog on the study. ' 

4. Macardte Macrosoqpic f^athology E«alue^ 



PM311 After 13 weete (3 nxrths) of lead invtentation. the animals were heparin 
lowing a standard proceAra Necrcpsy was pertormed by a palhologirt 
OT the study fecial enphasts was fcxaged on tieintf^^ 
encapsulation of Ihe devices, tfieireKtensioathicKness etc. 
[01321 euthanasia, the heart was dte^^ 
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50 



SS 



mmdtometerwcwewj^^ 
(<1 en« suiwjnded«» leaihn*^^ 

aSSlonn chafiMSensllcs. and ^ 

em 01 .^wal lead. The ^ lead ««s adhered 
maWr liem. Tl»mo6ldstal endol1l«aptal leadv« nalj^ 

S3portK«c.«»parie«JeJ^^ 

fWV. ««e »as a pwrnnenl soft endo«^ «»dw 
WHhinftedonsalAVatherewasamuttfo^ 

SoKiSSS^fromtheanVandwasfreeolanyfe^ 

lead is free o» any adherence 01 ««ue«olhermat««lun«^ 
(RV wan has inwediately » the (Xnv venotonv site, two pale nodii^^ 
SwSaSaverylra^ent tissue slH«lho«raleng.hol3nmA^ 
, SS!^S~nrofSrsheaths(5n«.and2mmlonBr^^ 
SJS^KTfcsuea Tl* lead passed «.«^^ 

SS?^^^s«nyendocardialtW*eninBSontheroc-oltheAVC.^ 
SS^j:^iunSo..haRAA^«.eRA^M^^ 

txift leads were in a UJiiiiMi fi bro u s shealhlJcnnlonBlhat was 

SorSaOna lead was noted 10 pass into theosolf-coron^;^ 
caolac vein was openea and the lead was to be ensh^^ 
passed tomtheri^ atrium into the RV.«*«rea»«^^n^to^^ 
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electrode was visWe from the epicanfial surface through the epicarcfemi. but no pefforafion was evident Ventrioto 

leacfe. tiivnediatet/ distal 10 the CCTV venotomy sde. the 

to this, the lead was free of any acmerence of tissue or other nnaterial unfl 

other lead (RV waQ/inimecfiate cfistal to the CCTV venotony 

each< Inmicfiameteranda very transparemSmm tissue sheath. Ap^^ 

ttM> segments of tissue sheaths; (5 inm and 2 mm long, respective 

adSaceot caidfew tissues. The lead passed through the tricu^ 

observed. 

{0139] Dog Receiving Leads Coated WHh i5%0EX/PU. Atrial lead. The lead that entered the venous system 
through the jugtiar viOT had its 

the lead body tmnndttlely (istal to the jugular venoloniy s^^^ 

atura Within the RA. the septal wal. and around the RAA origin 

other adherent tissue was observed on the rest erf the body lead. Ventricular leads, 

otomy site, a thin transplant 3 nvn long tissue sheath, cohering one 1^ 

translucent tissue sheatii 8 nm long, which was oonrpicated distal^ 

throntxis. This tatter lead was adhered to the wall of the AVa Distal to these tissue 

any adherent tissue or material wittm the AVC or RA. Both leads passed 

free of any adhesiorls. A lead that passed rnore anteriody in thQ RV was not 

movable The lead tiiat passed fnore caudal in tfie RVA was 

talion ^te. 

5. Hfetdogy of fr«racaidiac Leady^ssociated TBsues 

Piyi . In general, occasional tissue sheaths were observed during the macros^^ 
associated tissues, located at the lead portion from m least 1 cm cSslal from ^ 

to the electrode fixation sAe, were microscopically evaluated by a pattiologist One tissue sheath per condition was 
processed for histology, and a transversal section was sta^ 
blind to tiie freatinerit corvfifion related to each spedniea 

[0141] Although the resufts from tfie evaluation of these tivee specimens cannot 

trato inportartf finduigs that may be rel event to tfie different surface freatmenis n Ihe sludyL A brief sunvnary d tie 
Inflanwnatbry characteristics and lankmg of these slides fc« 

Slpedmen From Dog Receivirig Leads Coated With 5%DEX/PU. Thinnest tissue sheatii. no frmer zone of p«t^ 

organized throntes. scant inflammation comprised of macrophages and few neUrophiSw 

Specimen firom Dog Receiving Leads Coated W^ 1%DEX/PU Moderately nidk tissue sheath^ mer zone off 

partiy organized thrombus, st^htiy more inflammation comprised of maCT o phgge& 

Specimen f=rom Dog Receiving Leads WittK)U DEX Moderate^ 

thrombus, modeiato in flamn i dti un comprised of lymphocytes, plasma oeite; macrophages; eo s incyMs. ml liw 
neufrophis. 

6. Organ Evaluation 

(01421 The regi^tory influence of circulating steroids during the In vivo staged 

negative feedback control of steroids on the neuroendocrine axis and on the anterior pituitary is wel ftmirtwi Pvo* 
loriged st43pres8ion of ACTH release by steroids is associsaed wim dege^ 
tiie anterior pituitary. These processes result in histopatiwlogi^ 

[0143] these analyses, tissue sections of the adrenal glands were harvested from each 

for evaluation inctoded fiver, spleen, lodney. and tungs^ Gross ol>servations of tfie organs were doc u men t ed by tie 

patiK)iogisL These tesue specimens were processed for routine 1^^ 

V^^} ^suninary: the results showed no gross atmorrnatt^ 

ail dogs* the zona i ats rira rtate cefe had tiie foamy to vacuolated cytoplasm typical of adMi sterotd-seoetihg eels. 
There ms no evidence microsoopicaSy of any fymphcperwa. which might restit from excessive adnMstration of ster- 
oids. Miaosoopic evahmtion of other organs revealed tissues wOh only mirw 

utaftsle to u» tiu>^eroid coating on lead bodtes. A consistent or progressive lynphopenia and/br eosinopeitia was not 
noted in arv dog in tfie study Gross fvidings dU include i4 tfie presence of a body consistent with a gauze spome. 
found within tfie thoracic cavity of one of the dogs and b) bilateral si^^ 
ahclher of tfie dogsL to generei al examined organs were i(xmd wHhin m 
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7. OEX Qufion SUfcs trom Expbnled Uads 



101451 The leads reoovered immeciateiy after pathotogfcal e/aluafion ^^^j^^ ^ 

. ^ ^3 /"wsrw^A^ ni 1 vitro DEX Bufaon from DEX-Coated Pacing 

UadSO: analyses w«e«nArted^^ 

^ ru>r/>Qrrtnnft of thfi infel BEX lo a angs « each leao (r<M^ ^^j- ^ , . > , r. r,i»r tti^t 



C. Conclusion 



101461 Coatln9.asa«)dail,torapplyinflth*technalogyto 

iiit«7l 0>wAlheinvhres«irfytoei«lua»e«»bicl09calpeffamiancertl^^ 

fe«scop« hHMw « 



ijined OGX release was s« presert altar 3 moniK ol in *i¥o n^ilantaion. 



Examplee 

In vito EMton PraBe tor Deiiametfiasone Siowe hserte 



lOlSOl Materials StandartsBconlnsertetorsewjngrinosandannukplastym 
SAadeSSSSiJS^47.5wdgMpen*ntba,«^ 

JZIwM ramoMd. ftr exanide^ a 1% dexamelhasone^oaded insert ooniamed a SZiWs BaS04 46^ 
l^J^^t!!^J^2^«^5rSfc a«^ Oi!* 06X were prepared. A siloone insert was also prepared conton- 

sfbS^a'iSfsrSm'SSiii^^ 

2SLwerecon^in«.ersed«pho^ 

time pointe *luote d PBS were remold and replawdj^^ 

presenlh«>enixluw».AIda»29.appro)cnMlely8%oli»DEXhadbe8nreieas«Baroappiui^ 
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mixture had been released Hg. 16(b) breaks Ihe O&UDMP curve in Rg. i6(a) Mi fts incMdual oonponenis 0^. OEX 

and DMP). Tins was mainly lodeiermine bow much of 

day 29. approximately 9% of the DEX had been released and approximate 

Example? 

Bioactfvity Studtete Dexamelhasane Siioone Inserte 

(0152] Dexamethasoneacth4ty is typically assessed by evaluating the effed 

cytokines^ namely interleiidn 1o (ft.-1a) and tumor necrosis factor a (nr-«a. Active dexamethasone si^presees 
cytokine produdioa Materials and methods. Seoone inserts containing 5%, 2^ and OMwoter-insollible dexame- 
thasone (DEX) were prepared as descrt>ed In Exanple a In addition. s»o^ 
a 1% OEXn^iyff* (50:50) mixture were also prepsved. 

[Oisq FtesMy isolated human white bkxxl ceOs. suspended in RPM1 1640 media and stfsplemented with 10% 
FBS. penidBih^epComycin and L-giutanii^ 

tatning the sanples to be emtoied. The sanple sizes were approximate 

each tiije was 1 mL lb mimic a foreign body reaction the white bkxxJ cefls were activated with the bacterial en dotoxin 

Iqpopolysaccharide (tJ^ at 10 MO^ml. After a 24 hour incubate 

of the wels were cenlrihiged at 3000 rpmforSminitestopellel the unattached ce^ 

and stored at -85*^2 until used. The Trff^<« and n.-1a content in the extras 

ftoianTNF^a Immunoassay and Human IL-1almnrxMK»ssa^ Mffl. 

fftestits. Quantitation of cytokine markers is a traditional method for evaluating irtflammation. The eel media was 

assayed for IL-1 a and TNF-a , two potent cytokines wfich are released by activated macrophages and which through 

autocrine, paracrine, and endocrine actions are known to play multifunctional roles in ttie irtflammatory and immune 

processes. As shown in figure 17. eliriion of OEX from the Inserts suppr^^ 

a dosenJependem manner, with the 5% toaded sarr9)to showing tt)e greatest inh^ 

differences between IX DEX. 1 %OAff> and a 1 % OEXA)MP (5050) mixture OMR. being water solulsle. was obsen^d 
to etUenrvchqUcfter arid ttierefore had the greatest effect at 24 hours. DEX.t>^^ ehitedoutstow^ 
and the effect was not very pronounced at 24 hours. Ihe mixture; un^ 

ExampteS 

In vnbro Ehjtion Profie for l>dlyester-Encased Dexam 

10154] SanvilepreparafioaC>EXIoaded8an^werepreparedasde8crtsedinExq^ 
uaGons were tested and compared: 

a) 1% I>EX toaded s«oone with and vwthout polyester encasement 

b) 2.5% DEX toaded sficone with and with^ 

c) A1% DEX/DMP (50:50) loaded sakxxie with and wfthout polyester sOoone 
(01551 Dnigtoadedsaiconesanples of roughly similar dvnensk)n$(1^c^ 

of polyester fabric* measuring approximately.3 cmx 1.5 cm. were fashtoned into pouches by fbking the f^txic pieces m 
haff and inserting the sScone sanv)les brtween the foUSw The free ends of the faM 
CRON brakjed polyester sutures. 

(015q Drug elutionwm as described hExanplee. for a tinie ported of 34 d^ 
[0157] Results. Rgure 18 shiMrs that the pohfester pouches were penneable^^ 
to be a slight abeil ins^nTcant. lag of the eMed cfrug wi^ 

ExanpleO 

flat Cage Inplant Study lor Pblyester-Enqased 

|015q The ari mo bkxxxiv>atibady of OEX4oadedsaoone was assessed 

that is wkJely reported in the fterature (a Marchant et al.. J. Biomed. Mat Rea. 17301-325 (1983). Cyindrical stainr 
less steel cages, containing tiie test samples, were implanted sUxutaneously in rat& In oider to svnulate a sew- 
ing^annuloplasty ring, the Si^DEX test samples were inserted within Oacran^ polyesler poycheR With nwvmal 
mecfiamcal inteiference of sunrounding tissues, the cage model provides a "standard Wla nm a tory environmenr kt 
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and Ge* (Canada) and 3M Ste«*«tf^^ 

„«) was p««*«sed from Oe^ VW« Oolha^^ 

Sa^souJTtomddocaf^^ 



DEXConc. (%) 



1% 

•l%(750EXaSDM^ 



0% 



WLoex 



O^gtnsOEX 



0.15gm5 OEX ♦ ftOSgms DMP 



0.00 gne 



0.5 gms 



10.5 gms 



10.5 gnw 



as gms 



9^ gms 



20 gms 
20anw 



CI«N # 4 polyester •» ead. A Wal ol 5 tawte «w^«^^ 
to teatmei^E (see la-e ej^^ 
lanJho. «W a««fin9. and wcKjhmg operalK^ 

JJ^g;^^^^ weredeanedwimiofced a»pf«r tob^^ and 1A cm maameler. 

S^TlbASTi™™ stainless sleel ^^^^^^^^^S^ 
^anddeaningcydak^dea^a^^ 

ihe test mateia 01 Merest (saconeirthdfuifl. empV^W^ 
.!L^e.t«n,r**»baggedands^^ 
Test animals. The animals used for im^nww« 
iS.««Chartesf»«laboraj3^V«^^ 
wi«,««l«»prior1osu.9er^Tte^^con^^ 
oi^Md in fie iGiide for the Care and Use ol iJlJorai^ 

:5S;i^mcedure-Briel,,««^ 

abo« «» tal A pod«« was made « thea*^^ 

biJrtdssectloa Acageassenttyt-astjwfc^^ 

camosus.wit.1heseamplaceda9^ft^«*^^ 
olfieiattothesamelashloaThestaniws«j«6d^^ 

\«,Bela(fnesolufioaThenuni>^^an^^^ 
pla»«d in Taae ». A total of 30 samples p per ml) wore wpwiiBo 



so 



ss 







Material » 


MateriaVCondttNi 


No-Rats 


Na Sampler 


A 


BnpiyCage 


3 


6 






3 


6 


B, 


Si/tecron 






C 


1%I«OTMPP5:25)- 


3 


6 






3 


6 


D 
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laUeH (continued) 



Material ID 


Materiai/CondnkMi 


No. Rats 


No. Samples 


E 


l%OEX-SVDacnm 

1%0EX-Si/Dacmi- 
Hepaiin 


3 


6 




Totals 


15 


30 


A&B-conMs ; B is the frue oomrol for C. 0. ahdE 



101621 Bojdale analysis. Exudate 

tatioa To avoid inteiferenoe «ah the bod/s inflam^^ 

each cage at each time period To screen for the presence of irrf 

cultued on 5% sheep's l)lood agar plates. The total leutocy^ 

ferentialleuckocytedeterminatioa exudates containihg appnoximatfliy 30.000 white lalood cefeQeutocyles) were ftan&r 
lened to test tiijes with 300ii RPMI-1640. ATicjuots (20^ 
iBing a cytocentriliige. Ihese mkmlides were sta^ 

phonudear leukocytes (PMNs). monocyte-macrophages (Mo/Mes). and lynphocytes. After the 21-day exudate sm- 

pfina the rats weie euthanized by carbon dioxide asphyxiation. Cage analysis. foOowing the 21^ exudate 

withdrawal, the inplanted cages were removed from the euthanu 

caly by a pathclogM. The top edge of tfie cage was cut with a pair of sdssom 

opened cages were examined and desatoed. After analysis, the cages were fc^^ 

amount of fiyous tissue in the e)93lamed cages, the polyMer po^ 

were then dried at 60^ lor 48 houre and their dry weights weiB recorded The ti^ 

cfigeslion in 6N lOH far 2 hours at 80^ and the weght of each tfe^ 

between these two weights provided an indkafion of ttieainomt of ^ 

Hfetology. One sanvie each from groups B, C. D. aril E, to 

saine, dehydrated throu^ graded etfianol washes and processed tor paraTwent^ ^ 

l^o^secfions vvere Oit and stained with either Mass^ 

Statistical analysis. AO data are expressed as mean (± standard erm 

m om level of confidence Op < 0.0S) was used lb oonpare gro^ 

groups were as such: test materials (a D. E) vs. control materials On day 1 4. one ftf^ data point w^ removed 

from groups B and C for the stalisltoal analy^ Sim^ 

groups. 

I0163J Results. The white blood eel densities that were determined n the drawn Mjdates at 4. 7. 14. and 2 1 ds^ys 

post inptentatton are displayed in Tabte in and Rgura 

after 4 days witti al the test groups. lYie DEXHX)ntairing ma^^ 

lower than bolhconMs(^ B) at aB time pants. Adired comparison of the 

trol groi4> a the tme control for thfe study, revealed a statistically slgnT^ 

vatoes of aH the DEXHXxrtainIng materials (C. D. E) together and convarir^ 

rectoctions in leutocyte densities on the order of 8a5% fv 



T^in 





White Blood CeH Density (cells(|4 


Day 


A 


B 


C 


O 


. E 


4 


2198 ±1371 


8417±5445 


1467± 805* 


754 1 322* 


690±340* 


7 


3911120 


17B2±1447 


379 ±341* 


2931172* 


262 ±141* 


14 


272 ±156 


521 ±89 


63±52* 


93±85* 


72±108* 


21 


423 ±500 


1372 ±840 


30±16' 


54±50* 


24±2r 



* Statistical^ Sgniicant at ttie Oils teMl 
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^ ^ w « .^k^.^ rCMarAnrfifi h^Meen v<W C. whWi contained tfie drug oombinafion 
wasted »eelfertolDWs»«^ 

:2 eiSSTp^i^^^^^s^^ *^ pouch '^2:£ssiii: 

drug fH, «w». dms contaWng gr w 

inyowtti (Figures 20 (c) and (dO- m.almoel al *e CW9S V^^TlT^r. 

ro«idedmaa<vt«8es.w«to«ds«^^ 

(01661 T»»P'«ed«gspec«cen*xxJimenlsareilus^ 

and me ■» 1 is readny apparent to one sidled ir^^ 
device coii<)ri6ing a biooonpaiaatedrug-eiulinq iw 
piacficed to a wide vaiiely ol issue engineoiing appiMli^ 



Ctaims 
1 



materiaL 



A„i.,*««*.medte-de«ceeon^abody^ 
hg a consttuert material in inimateiwilactw* 

selected from the yo^> oonslsfinB Of a pqlymer. a me^ 



nnKmiAr a xnnA haide coDolvnier. a pdyvinyt ether, a polyvinyl eaer. a p«yv«iji ■wiwsi«. «> ^' ^ 
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copolymer, an ABS resK pohrsuHone. fwlyethe^ pdyetherefherketona. pdyarylketone; epaxy resin. ft|ukl 
crystalSne polymer, poiyphenylene suTide. polyphenytene oxide, poiyamideimide. pdyacetal, potyketone^ pd^- 
ytate. an ethylene-vinyl acetate copolymer, 

4. .TbeinplanlablemedNatfclevte af clai^ 

urethanes. sSoones and connbinations thereof . 

5. Ihe heart valve prosthesis of daiml. wherein the constitu^ 

6. The heart valve prothesis of daiml. wherein the mei^ or 

tman, tantalum, titanium alloys, cobalt chrome aBoys. nickel chrome allays^ stainless steels, and corrtMiations 
ttiereof 

7. The in^antat3ieme(ficd device olariy preceding daim.wheren 
fabric of polymer ft>efSw 

8. TheimplantabtemedkaldeviceofclaimT.whereinthepolynierf^^ 

yester.polyamid^ polyiFrfhane. polypropylene, polyethyleneteraphthalate, poly(tetrafluoroethy4ene). polyethylene. 

polyfvirqff aknhoQ. polyacrytonitriei poly6^^ 

eratedcelulose. 

9. The Implantable medical device olarqr preceding claim, whtfein^ 

rnatoiy agenl. - ■ 

10. The inpianlal3lefnedical device of daim 9. wherein the antiH^ 

ing of Cortisol, cortisone; fludrocortisone; prednisone; predhisok)ne» 6a-methy^ednisolone. triamcinolone; betam- 
ethasone, dexamethasone; bectomelhasona adomel ha sone, a m cinonidei debethasd, docortdone; gold 
Ihiomalate. gold thiosuttata auranoTn. I>peniciamine^ 

11. The Implantable medicd device off ariy preceding clanvwh^ 
agent 

12. Theinplantablemedicaldeviceofdaim 11. wherein the 
and genlaniiciiL 

13. The inYsiantablemedicstf device of any preceding clainvwherm 
fionofthedevioeL 

14. Theinplantd)lemedk»ldeviceofariyofGlalms1 to 
body portion of the devioa 

15. Thetinrplantable medical device ol any of daaml to 12. wherein t^ 
core comprising the therapeutic agent 

16. The inplantablemedfeal device of any precedffigdaimi selected firm^ 
mechanicd prosthetic heart valve; an anndopiasty ring, a vascular gra^ 
lead, an indwefing calhder. a f»acennaker and a dnig 

17. The InplantablenFiedksd device d any precedvigdaimLwherem 
poucK an encasement, an enclosure, a layer, a «m. or a coating. 

ia A bioproslhefic heart vsrivecoiif)ridng a polynier insert 

housing, wherein a fabric sheath eridoses the polynMr insert to form seii^^ 
iereftfaly to fie base of tie valve housing, the vahre livlher c^ 
corM with tie polymer iroert 

19. The bioprostietic heart valve d daim 18. wherein tie pdyiner irt^ 
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2a TI«Wopx««.efcheartval«olelalm18or19twl«ei« 
fuUber. 

oonpnsinga 

22. Themechanicalheartval«<*elaim2l.,-N^ 

2a. Tl»l«artvalw 01 any olclain. 181022. «*i«elo tie th«^ 

24. Tl>e bioproslhefc heart wl« d cWra 23. i«h^ 
Ihereai. or a saltlhereot 

25. TiK,l»art>«-«olanyolclate 18*024. **«reta««f«»^ 

26. T»«ttopK«dH*cl«art vah«o«daim21 oranyd^ 
pencwftw or aortic fOol Sssue from an animaL 

27. Thet*p«smelcheartval«olciaim26.whe«^ 
from a pig. 

28. Amethodolmal*9anirr^3lantableme(fcdd^ 

i««po«s„flallH«peuficaflenlintoanannJarl^^ 
peufcagert is in Whnate contact *nlhiieoons»jei*iii*l*W 
endoGing tte annular insert «i a fabric sheali. 

29. The melt«dotclalm28. wherein »econsttuentii w lw i« lu*i<yi s esap^ 
3aTliemelhodolclalm29.whereinlheconslluertmate« 

SI. Ti«,«*«lolclaim3awhereintheWoslal*pOlyn« 
icones and ooinbinaicns flwreol 

32. T}»melhodolcl!»m28,wheretalheoonB«iienlmalera 

SS. Tl«melhodolclalm32.whereinlhen«Worme«afcvfeselecledlR^ 
]ljSSmWcobaltd»«nealoys.nlcteld^ 

3CThenwlhoddaivofclain»28to33.i*efdnlhelabricshealhcomp^ 
as. T»»n«hodda.VO»d*ns28to33.,-toein1h.«ho«p^ 

36. The n«lhod 01 cWm 35. Ihe anfinnfl^^ 
IhereoL 

37. The method 01 any 01 elalm628to33.i«hereinlhe«ierapeu^ 

38. TheBK*«lo»anrolctaih»28to37.whe«ini?icoipoKd^ 
convo(VKftigfwlherapei«c agent into Hie anmtotaert 

39. Ti«meftodolanroiCttn828to37.whe.ehiriooax»^ 
csoaino *e fierapeufc aflenl ontofte anmiar insert. 

4a /toinvbnlalteinlusloniHjnpconvrtsingra w 
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a defiveiy catheter lor cteihrery of ite 
a polyester pooch sufTO U fiding the punpg 

said puinpfuther oomprtsing a constituerrt material in Mmate contact witfi an antt-inffetfrnnatory agent saci 
anti-inflainmatory agent capable of b&ng released from the punp and eiuting through the pofyester pouch. 

41. The inpiantablemfusionpunp of claim 40, wherein 
of thepumpL 

42. The implantable Mision pump of daim 41. «4)ereih the aniiHnHammatory agent is dexamethasone. a derivaive 
thereof,, or a salt thereot 
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FIG. 1A 
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FIG. 5 
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INCUBATION TIME (DAYS) 



FIG. 6 
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FIG. 8 
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TEST CONDITIONS 

FIG. 10 
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1% OEXA^MP (1:1) ELUTIION COMPARISONS BETWEEN 
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